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ABSTRACT 

We study the Distant Red Galaxy (DRG, J — K s > 2.3) neighbour population of Quasi 
Stellar Objects (QSOs) selected from the Sloan Digital Sky Survey (SDSS) in the 
redshift range 1 < z < 2. We perform a similar analysis for optically obscured AGNs 
(i.e. with a limiting magnitude / > 24) detected in the mid-infrared (24 //m) with the 
Spitzer Space Telescope and a mean redshift z ~ 2.2 in the Flamingos Extragalactic 
Survey (FLAMEX). Both QSOs and obscured AGN target samples cover 4.7 deg 2 
in the same region of the sky. We find a significant difference in the environment 
of these two target samples. Neighbouring galaxies close to QSOs tend to be bluer 
than galaxies in optically obscured source environments. We also present results on 
the cross-correlation function of DRGs around QSOs and optically faint mid-infrared 
sources. The corresponding correlation length obtained for the QSO sample targets is 
ro=5.4± 1.6 Mpc h _1 and a slope of 7=1.94 ±0.10 . For the optically obscured galaxy 
sample we find r =8.9 ± 1.4 Mpc h -1 and a slope of 7=2.27 ± 0.20. These results 
indicate that optically faint obscured sources are located in denser environment of 
evolved red galaxies compare to QSOs. 

Key words: cosmology: large-scale structure of Universe-galaxies: galaxies: high- 
redshift-quasars: general 



1 INTRODUCTION 

Studies of large samples of distant galaxies are fundamen- 
tal to provide a deeper insight in the formation and evolu- 
tion of galaxies and systems of galaxies, such as clusters 
and groups. Using measurements of galaxy clustering at 
z ~ 1 — 2 one can test the predictions of c osmological mod- 
els of structure formation and evolution (|Kaufhnann et all 
1 19991 ). In the last years diverse photometric selection tech- 
niques have been developed in order to select high redshift 
galaxies. In particular the Lyman break technique is an ideal 
method for selecting a large number of distant galaxies and 
for studying the large-scale distribution and properties of 
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star-for ming systems at high redshifts from mult icolour opti- 
cal data (jSteidel et al.lll996l : lMadau et al.lll996h . This tech- 
nique requires a high rest-frame far ultraviolet luminosity, 
and so will preferentially select galaxies with recen t or un- 
obscured active star- formation (jSteidel et al.lfl999h . A new 
near-infrared selection technique has been developed in re- 
cent years to select samples of galaxies at high redshifts. 
The Distant Red Galaxies (DRGs, here after) colour-cut cri- 
terion (J — K g > 2.3, Vega system) ( Saracco et al.l l200ll ; 
iFranx et all 120031 : Ivan Dokkum et al.|[2003F is expected to 
select galaxies with prominent rest frame optical breaks, 
caused by the 3625 A Balmer-break or the 4000 A Ca 
II H+K break. The Balmer discontinuity at 3625 A is 
strongest in A-type stars and the 4000 A break is character- 
istic of coolers stars with ty pes later than GO and strong i n 
giant and supergiant stars (|Forster Schreiber et al.ll2004l ). 
van Dokkum et al. (2003) found that the DRG criterion 
selects galaxies with rest-frame optical colours similar to 
those of normal nearby galaxies. Using deep mid-infrared 
observations with IRAC on the Spitzer Space Telescope, 
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lLabbe et al] (|2005l ) found that 70% of the DRGs are best de- 
scribed by dust-reddened star forming models and 30% are 
very well fit with old stellar population, passive star evolu- 
tion galaxy models. By comparison of the stellar populations 
of DGRs to those obtain in Lyman- break galaxies (LBGs), 
lLabbe et all f2005) found that the average mass-to light ra- 
tios {M/Lk) of the DRGs are about three times higher 
than the LBGs sample, indicating that DGRs may repre- 
sent massive and old galaxies, simil ar to those found in the 
local Universe. A similar study by iForster Schreiber et al.l 
(|2004 ) comparing LBGs and DRGs at similar redshifts and 
rest-frame V-band luminosities, shows that DRGs are older, 
more massive and more obscured for any gi ven star forma- 
tion h istory than LBGs. Recent w orks by IConselice et al.l 
( 2006) and iGrazian et~ai] l|2006al l show that this single 
near IR colour-cut selects a rather heterogeneous sample of 
galaxies, from distant luminous massive systems, to a signif- 
icant fraction of less luminous dusty star-burst and galaxies 
with mixed morphology at redshifts z ~ 2, with extended 
tails at 2 = 1 and z = 4. 

At low redshifts, QSO environments show similar char- 
acter is tics of those found i n nor mal galaxies (Smit h et al. 
Il995l; IColdwell fc Lambasl l2006ri . Moreover, Ismith et all 
(1995) found that the cross-correlation function between 
low (z < 0.3) QSOs and galaxies, is consistent with the 
auto-correlation function of galaxies selecte d from the APM 
Galax y Survey. Unlike radio-loud QSOs, lEllingson et al.l 
(1991) found that radio-quiet QSOs at 0.3 < z < 0.6 are 
rarely found in h igh density environ ments as rich as Abell 
class 1. Recently. ISerber et al.l l)2006h studying the environ- 
ment of z < 0.4 luminous (Mi < —22) quasars in the SDSS 
area, found that they are located in higher local overdensity 
regions than are typical L* galaxies. However, the results 
for QSO envi ronment at hi g her r edshifts (1 < z < 2) are 
contradictory. lYee fc Greenl (|1987l ) found that some of the 
z ~ 0.6 QSOs are locat ed in environments a s rich as those of 
Abell class 1 clusters. lHall fc Greenl (| 19981 ) reported a sig- 
nificant excess of faint galaxies in the fields of z — 1 — 2 
quasars. No excess galaxy p opulation associated w ith radio- 
quiet QSOs are reported bv lBovle fc Couch] (Il993l ) at z ~ 1. 
ICroom fc Shanks! l|l999t ) found an anti-correlation between 
radio-quiet QSO s and galaxies at redshifts z ~ 1 — 1.5. 
ICoil et al] (|2006l ) studied the clustering of galaxies around 
a sample of 0.7 < z < 1.4 QSOs selected from the SDSS 
and DEEP2 surveys. They found, from a two-point cross- 
correlation analysis, that the local environment of QSOs is 
consistent with the mean environment of the full DEEP2 
galaxy population and that they cluster similar to the blue, 
star-forming galaxies rather than the red galaxies. Their re- 
sults imply that high redshift QSOs do not reside in partic- 
ularly massive dark matter halos. 

Using the DRGs criterion, iKaiisawa et al] l|2006h re- 
ported a discovery of proto-clusters candidates around 6 
high redshifts radio galaxies at z ~ 2.5 on the basis of excess 
of J— K s colour-selected galaxies. Recently, a similar colour 
criterion was adopted to identify and to study the environ- 
ment of very distant objects. This method uses a colour cut 
*775 — Z850 > 1-3 which select objects at z ~ 6. An over- 
density of galaxies around the most distant rad io-loud QSO 
(SPSS J0836+0054 at z = 5.8) was reported bv lZheng etaD 
(2006), who found a surface density six times higher than 
the number expected from deep fields at similar redshifts. 



IStiavelli et all (2005) found an excess of 1775 — zsso > 1.3 
galaxies around one of the most distant QSOs at z — 6.28. 

In this paper we investigate the population and colour 
distribution of PRGs, selected at bright near-IR magni- 
tudes (K s < 19.5, Vega system) around high redshift 
QSOs (1 < z < 2 ) and optical obscured sources (z ~ 
2.2) in the FLAMI NGOS Extragalactic Survey (FLAMEX, 
lElston et all l|2006l )). 

This paper is organised as follows: Section 2 describes 
the sample analysed, The ERG number counts are anal- 
ysed in Section 3. In Section 4 we study the colour distribu- 
tion of galaxies in different environments. We investigate the 
QSO-DRGs and Obscured-DRGs cross-correlation analysis 
in Section 5. Finally we discuss our results in Section 6. 

In this work we assume a standard ACDM model Uni- 
verse with cosmological parameters, Hm—0.3, f2A=0.7 and a 
Hubble constant of Ho =100 Km s _1 Mpc _1 . All magnitudes 
are expressed in the Vega system. 

2 OBSERVATIONAL SAMPLE 

The FLAMINGO S Extragalactic Survey (FLAMEX, 
lElston et all (2006)) is a wide-area, near-infrared imaging 
survey in J and K s bands wit hin the NOAO Deep Wide- 
Field Survey (NDWFS) regions j|jannuzi fc Devlll999l ). This 
paper uses catalogues of the first Data Release DR1 of the 
northern part of the Survey (Bootes field) that covers 4.7 
deg 2 in both J and K s ba nds Q. Using Monte Carlo simu- 
lations lElston et ail l|2006l ) found that more than 90 % of 
the survey region is complete to K s = 19.2, with 50 % being 
complete to K s — 19.5. A detailed description of the observ- 
ing str ategy and data reduction can be found in lElston et al.l 
|2006l ). The catalo gues were made using JG-selected ob- 
j ects for each survey su bset with the SExtractor package 
(Bcrtin & Arnoutdfl996T ). using dual image mode to mea- 
sure the J-band magnitudes within the same regions. De- 
tections in the different bands were matched if the centroids 
were within 1 " of each other. J — K„ colours were calculated 
using 4" diameter aperture photometry, sufficiently large to 
avoid intrinsic aberrations that cause the PSF to vary sig- 
nificantly across the field and to produce robust photometry 
across entire subfields. 

In order to reject spurious objects lying in the edges 
of the images, we selected objects that not overlap with an- 
other object using the SExtractor parameters FLAGS — and 
WEIGHT_MAP < 0.7, in both J and K s bands. 

For two different reasons, no star-galaxy separation was 
performed. First, the variable PSF in the FLAMEX area 
precluded use of structural information to separate stars 
from extended sources and second, DRGs are of such small 
apparent size that considerable fraction of them would pos- 
sibly be misclassified as stars and rej e cted f rom the final 
catalogues. As noted by lElston et al.l (|2006h . and as can 
be seen in the colour-magnitude diagram (Figure 1), the 
J — K s colours alone provides a simple means of perform- 
ing star-galaxy separation. The two horizontal sequences at 
J — K S =QA and J — -Ks=0.8 correspond to galactic stars 
with types later than G5 and earlier than K5, respectively 

1 http:/ /flamingos. astro. ufl.edu/extragalactic/ 



The DRGs population of QSOs and obscured sources 3 




Figure 1. Left panel: J — K 3 > vs K B (Vega) colour-magnitude 
diagram for the FLAMEX field (Bootes area). Right panel: Colour 
distribution. Dashed lines show the DRGs criterion adopted. 



l|Finlator et al.l l2000). Red galaxies with J — K s >2.3 are 
well separated from stars. We also show in Figure 1 the 
DRGs criterion adopted (Dashed lines). Our final catalogue 
consist of 7131 DRGs in a contiguous area of 4.7 degree 2 , 
representing the largest sample of DRGs selected at bright 
magnitudes K s < 19.5. 

The QSO sample analysed in this work was obtained 
using the NED Database. □ We selected QSOs in the red- 
shift range 1 < z < 2 in the FLAMEX area. The sam- 
ple consists of twelve QSOs selected from the Sloan Dig- 
ital Sky Survey (SPSS, D ata Release 1 to 4) (|York et all 



l200d; iRichards et al 



( Puclmarewicz et al 



.20021) and one X-ray selected AGN 
19971) (See Table 2). 



We also choose a sample of optically obscured galaxies 
discovered with the Spitzer Space Telescope, which are ei- 
ther optically very faint (R >24.5) or invisible (R >26) with 
no counterparts in the NOAO Deep Wide-Field Survey re- 
gions. The main goal of this survey is to select optically 
very faint galaxies but bright enough in the mid-infrared 
for redshift determination with the Infrared Spectrograph 
on Spitzer (IRS), which would not have been identified in 
previous optical studies. Sources with / > 24 mag were iden- 
tified with the Multi-band Imaging Photometer (MIPS) on 
the Spitzer Space Telescope to a limiting 24 /im flux density 
above 0.75 mjy. 114 sources of the total sample met this 
optical criterion. Out of these, 17 sources have no optical or 
have very faint optical counterparts. Rejecting sources lying 
in the edges of the images, where noise level are high and 
signal to noise values are low, we finally selected 6 sources 
located within the FLAMEX area, with a mean redshift dis- 
tribution z ~ 2.2. The redshift range of the selected sources 
are similar to that of the redshift distribution of DRGs 



Figure 2. Differential number counts as a function of K s magni- 
tude for the DRG sample (Filled circles). The error bars plotted 
represent Poissonian errors (3 a). We include the DRG number 
counts obtained in the literature. Open triangles represent data 
from the UKIDSS Ultra Deep Survey Early Data Release (Fou- 
caud et al. 2006, private communication) a nd open circles are dat a 
obtained in the GOODS-MUSIC Sample. iGrazian et al.l <2006ari . 



2 http:/ /nedwww. ipac.caltech.edu/ 
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with K s < 20.15 (Vega magnitudes) found bv lGrazian et al] 
(2006a). Redshifts from this sample we re derived primaril y 
from strong silicate absorption features (|Houck et alj|2005l ). 
We also selected another two sources with feasible redshift 
determinations derived by a weak silicate absorption feature, 
based on fits of redshifted spectral templat es of local Ultra- 
lumin ous Infrared Galaxies (ULIRGS) from lWeedman et al.l 
(2006). Full details of the sample se l ection and redshift de- 
termin ation is given in lHouck et al] (|2005l ): IWeedman et al.l 
j2006t ). 

As noted by iHouck et al] (|2005t ) template fits suggest 
that most of the optically obscured sources are dominated by 
an AGN component, i.e. a steeply rising spectra and varying 
levels of silicate absorption, similar to the infrared spectra 
of known local AGNs. By comparing bolometric luminosities 
of submillimeter selected gal axies, such as those detected in 
SCUBA or MAMBO survevs. lHouck et al] (|2005l ) found that 
the obscured source sample seems to represent sources that 
have a hotter dust component than typical submillimeter- 
selected galaxies, assuming that mid-infrared luminosities 
scale to bolometric luminosities similar than in template 
sources which fit the mid-infrared spectra. Using this scal- 
ing, the obscured sources have implied infrared luminosities 
between 6 xl0 12 L^ and 6xl0 13 Lq, similar to bright QSOs 
at z ~ 2 (jHopkins et al]|2005l ). 



3 GALAXY NUMBER COUNTS 

We have computed the differential number counts of DRGs 
per unit area as a function of K s magnitude which are 
shown in Figure 2. We use SExtractor MAG_AUT0 magni- 
tudes for this calculation and estimate error bars using 
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4 COLOUR DISTRIBUTION OF GALAXIES 
AROUND QSOS AND OPTICALLY 
OBSCURED SOURCES 

In order to study the neighbour population of galaxies in 
these environments, we calculate the colour distribution of 
neighbouring galaxies according to the different target dis- 
tances. In Figure 3, we can see the percentage of DRGs re- 
spect to 15.5 < K s < 19.5 galaxies vs projected distance for 
two different target samples. QSO targets are represented 
with open triangles and optically obscured galaxies are rep- 
resent with filled triangles. Error b ars were esti mated using 
jackknife re-sampling techniques (|Efronlll982h . As can be 
seen, in the vicinity of these targets (r < 0.3 Mpc h _1 ) the 
distribution of colours of galaxies is significantly different. 
Neighbouring galaxies close to QSOs tend to be bluer than 
galaxies in optically obscured source environments. For these 
objects, the fraction of galaxies with J — K s > 2.3 decreases 
from 20% to 5%. 



r (Mpc h l ) 



Figure 3. Percentage of galaxies with J — K s > 2.3 vs projected 
distance for QSOs (Open triangles) and optically obscured galax- 
ies (Filled triangles). Error bars were estimated using jackknife 
re-sampling techniques. 



3 a uncertainties estimated using Poissonian errors of 
the raw galaxy counts (See Table 1). We compare our 
determinati ons with K— band nu mber counts for DRGs 
obtained bv lGrazian et alj (l2006al ) in the GOODS-MUSIC 
Sample and with estimates obtained in the UKIDSS Ultra 
Deep Survey Early Data Release (Foucaud et al. 2006, 
private communication). We have done this compari- 
son using Vega magnit udes, assuming a transformation 
Kve 3 a = K ab - 1.85 (|Cool et alj l2006t) . For K 3 >17.5 
our counts are systematically higher than those obtain 
by Foucaud et al. This discrepancy can be explained 
by cosmic variance because of the small area (0.62 deg 2 ) 
of the Early Data Release of the UKIDSS Ultra Deep Survey. 



Table 1. DRG number counts as a function of 
K a band. The columns give the central bin magni- 
tude, the raw counts, counts in units of arcmin~ 2 mag _1 
and 3 a uncertainties estimated using Poissonian errors. 
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5 QSO-DRGS AND OBSCURED-DRGS 
CROSS-CORRELATION ANALYSIS 

In this section we analyse the relative spatial clustering of 
DRGs and QSOs and optically obscured galaxies. In order to 
obtain the cross-correlation length ro, we first determine the 
projected cross-correlation function using QSOs as targets 
and the DRG population in their fields as tracer galaxies. We 
have done the same computation using optically obscured 
galaxies as targets and DRGs as t racer galaxies . 

We use the Peebles estimator (|Peeblesl fl980) of the pro- 
jected cross-correlation function: 

n R QG(a) 

W((T)= , r - 1, (1) 

na QRycr) 

where no and tir are the numbers of DRGs in the sample 
and in a random sample respectively, QG(a) is the number 
of real QSO-DRGs (or OBS-DRGs, using obscured galaxy 
targets) pairs separated by a projected distance in the range 
a, a + Sa, and QR(a) are the corresponding pairs when 
considering the random galaxy sample. 

We have estimated the cross-correlation length taking 
into account the selection function of the galaxy survey as a 
function of the distance to the targets (QSOs or optically ob- 
scured galaxies, respectively). Assuming a power-law model 
for the real space cross correlation function it is found: 



r[(7-l)/2] rl 



1X7/2) 



(2) 



where the constant B depends on the differences of the se- 
lection function of the different targets and tracers. 

When the dista nce of these targets are k nown, the con- 
stant B is given by dLilie fc Efstathioulll988f) : 



B 



(3) 



where N(yi) is the selection function of the galaxy sur- 
vey, yi is the distance to target i and the sum extends over 
all QSO (or obscured source) targets in the sample. 

We model the selection function using th e distance dis- 
tribution of DRGs in the GOODS Survey ( (jGrazian et al.l 
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Figure 4. Distance dist ribution of K s < 19 ,5 DRGs selected 
from the GOODS survey llGrazian et a l. 2006a) with photometric 
redshift measurements. Dashed lines shows the selection function 
obtained by fitting a Gaussian function. 

l2006bl )) for galaxies with photometric redshifts and K s mag- 
nitudes < 19.5. We convert measured redshifts to comov- 
ing distances along the line of sight assuming a flat ACDM 
model Universe with the same parameters quoted in the In- 
troduction. In Figure 4 we show the distance distribution of 
DRGs in the GOODS area with K s < 19.5 and with photo- 
metric redshift determinations. We model the distance dis- 
tribution with a Gaussian function centred at j/=2850 Mpc 
h _1 and with a standard deviation of a y = 600 Mpc h . 

In Figure 5 we show the obtained projected cross- 
correlation function between QSOs and DRGs in the red- 
shift range 1 < z < 2 (Filled circles) and between op- 
tically obscured galaxies with z ~ 2.2 and DRGs with 
K s < 19.5 (open circles). The error bars w ere estimated us- 
ing the jackknife technique (Efron 1982). The correspond- 
ing cross-correlation length derived for the QSO sample tar- 
gets is ro=5.4 ± 1.6 Mpc h _1 and a slope of 7=1.94 ± 0.10. 
Using the optically obscured galaxy sample as targets we 
find r =8.9 ± 1.4 Mpc h" 1 and a slope of 7=2.27 ± 0.20. 
We tested the accuracy of this result by varying the N(yi) 
distribution over a reasonable range of values for y and a y . 
We find that the calculated ro is only weakly dependent on 
the y used, and is only affected at the 10% level. 



6 SUMMARY AND DISCUSSIONS 

We have analysed the QSOs and optically obscured sources 
environment using the DRG photometric technique (J — 
K s > 2.3). The sample of QSOs at 1 < z < 2 were se- 
lected from the Sloan Digital Sky Survey and the optically 
faint sources sample were detected in the mid-infrared with 
the Spitzer Space Telescope at z~ 2.2 in the Flamingos Ex- 
tragalactic Survey (FLAMEX). We find that there are sig- 
nificant differences in the environment and galaxy properties 



o.i l 
o-/(h _1 Mpc) 

Figure 5. Projected cross-correlation function between QSOs 
and DRGs in the redshift range 1 < z < 2 (Filled circles) and 
between optically obscured galaxies with z ~ 2.2 and DRGs with 
K s < 19.5 (Open circles). Error bars correspo nd to 1 a u ncer- 
tainty estimated using the jackknife technique (Efron 1982). 



around these two different targets. We find that neighbour- 
ing galaxies next to QSOs tend to be bluer than galaxies 
in optically obscured source environments. The fraction of 
galaxies with J — K s > 2.3 in the vicinity (r p < 0.3 Mpc 
hT 1 ) of optically obscured sources decreases fro m 20% to 
5%. T hese results are consistent with those of I Coil et all 
(2006) who find that the local environment of 0.7 < z < 1.4 
QSOs (using the 3 r -nearest-neighbour surface density of 
surrounding DEEP2 galaxies) has a similar overdensity than 
that of blue galaxies, differing from red galaxy population 
at 2cr significance. We also present results on the cross- 
correlation function of DRGs around QSOs and optically ob- 
scured sources. The corresponding cross-correlation length 
derived for the QSO and the DRGs is r =5.4 ± 1.6 Mpc 
h _1 with a slope of 7=1.94 ± 0.10. Using the optically ob- 
scured galaxy sample as targets we find ro=8.9 ± 1.4 Mpc 
h _1 and a slope of 7=2.27 ±0.20. We point out that the re- 
sults of Sections 4 and 5 consistently indicate that obscured 
sources are located in higher density environment compared 
to QSOs, as shown by both, the colour distribution and the 
cross-correlation analysis. 

It is possible that the optically obscured sources pop- 
ulation are not r are objects. Usi n g a Q SO sample in the 
full Bootes field, IWeedman et al.l (|2006l ) found that unob- 
scured, classical type 1 QSOs and optically obscured sources 
with similar redshifts are similar in number. As noted by 
IWeedman et all (|2006h . sources selected at 24 am, which are 
optically faint, are dominated by dusty sources with spec- 
trosco pic indicators of an obscured AGN rather than a star- 
burst. |Houc^et^l] l|2005l ) found that these sources represent 
ULIRGS powered by a AGN and they have bolometric lumi- 
nosities exceeding 10 13 M0, if bolometric luminosities scale 
with mid-infrared luminosities as in the templates which fits 
the spectra. This value is similar to those found for bright 
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QSOs at z ~ 2 jHopkins et al.ll2005l ). lEllingson et all (|l99ll ) 
have showed that luminous QSOs in rich galaxy cluster en- 
vironments evolves much more quickly than those in poor 
environments which are present at all redshifts. It is possi- 
ble that the QSO activity in optical obscured sources have 
vanished as a consequence of the rich environment where 
they are located or the luminous central engine is heavily 
obscured by the dust. 

Few studies ex ists in the Lite r ature about the spatial 
clustering of DRGs. iFoucaud et al.l (|2004h found a large cor- 
relation length of ro ~ 12 h^ 1 Mpc for a sample of bright 
DRGs (Kab ~20.7, or Kvega^ 18.8) in a small area of 
the Ear ly data release of the UKIDSS survey. iGrazian et al.l 
|2006al ) found r = 7A1±IH h' 1 Mpc for DRGs with 
1 < z < 2 and Kab < 22 (Ky eqa < 20). Th e larger cor- 
relation length found bv lFoucaud et al.l (|2004 ) could be in- 
terpreted as evidence for luminosity segregation, where the 
most luminous DRGs are more strongly clustered. If we com- 
pare our values obtained in the cross-correlation function 
analysis with the mean value obtained for the DRGs in the 
field by [G razian et all i|2006al ). our results suggest that the 
sample of unobscured QSOs at high redshift analysed tend 
to be located in typical environment of DRGs with a tran- 
sient phase in the evolution of normal galaxies. However, 
our cross-correlation results indicate that optically obscured 
sources probably represent massive galaxies located in rich 
environment of DRGs at high redshifts. 
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(1) 


(2) 


IN dlllc 


Y*£}/H C hi TT 


SST24 1435203.99+330706.8 


2.59±0.34 


SST24 J142804.12+332135.2 


2.34±0.28 


SST24 J143358.00+332607.1 


1.96±0.34 


SST24 J143001.91+334538.4 


2.46±0.20 


SST24 J143251.82+333536.3 


1.78±0.14 


SST24 J143520.75+340418.2 


2.08±0.21 


SST24 J143026.05+331516.4 


1.90* 


SST24 J143429.56+343633.1 


2.00* 



Table 2. Optically obscured sources sample characteristics. SST24 source name derives from discovery with the MIPS 24 
/xm images, redshifts derived from strong (* weak) silicate absorption features. 
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(1) 




(2) 


Name 




redshift 


ui/OD J I^IOIUU. / OTOIuy iu. 


n 
y 


i.uyouuu 


uL/OO J l^OloZ. 10t04141 ( . 


o 




jUDD J 140001.0Ut04100Z. 


Q 
O 


u.yo j oo^i 


SDSS J143421.33+340446. 


9 


1.956500 


SDSS J142912.88+340959, 


1 


2.229540 


SDSS J143307.89+342315, 


9 


1.950550 


SDSS J143201.75+343526. 


2 


1.070690 


RIXOS F110-50 




1.335000 


SDSS J142744.44+333828, 


.7 


1.237000 


SDSS J143605.08+334242, 


6 


1.983830 


SDSS J143628.09+335524, 


3 


0.903084 


SDSS J143543.72+342906. 


4 


2.547330 


SDSS J143627.79+343416. 


.8 


1.883490 



Table 3. QSOs sample characteristics. Designation in IAU format and spectroscopic redshift. 



